Discovery of exotic phases of matter from the topologically non-trivial systems not only makes the research on topological materials more interesting but also enriches our understanding of the fascinating physics of such materials. Pb 0.6 Sn 0.4 Te was recently shown to be a topological crystalline insulator. Here we show that by forming a mesoscopic point-contact using a normal nonsuperconducting elemental metal on the surface of Pb 0.6 Sn 0.4 Te a novel superconducting phase is created locally in a confined region under the point-contact. This happens while the bulk of the sample remains to be non-superconducting and the superconducting phase emerges as a nanodroplet under the point-contact. The superconducting phase shows a high transition temperature T c that varies for different point-contacts and falls in a range between 3.7 K and 6.5 K. Therefore, this Letter presents the discovery of a new superconducting phase on the surface of a topological crystalline insulator and the discovery is expected to shed light on the mechanism of induced superconductivity in topologically non-trivial systems in general.
It is known that perturbations like magnetic dopant, structural distortion, mechanical strain and disorder etc. can be used to realize novel phases of matter out of the topological insulators (TIs) 1-6 and the topological crystalline insulators (TCIs) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Based on these ideas, enormous amount of effort has been invested to create exotic superconducting phases from TIs 3 and TCIs 7, 8, 17 as the superconductors emerging from topologically non-trivial systems may show topological superconductivity and eventually may lead to the observation of Majorana modes in condensed matter systems [18] [19] [20] . Among the potential candidates for topological superconductors 4,8 , Cu intercalated Bi 2 Se 3 21-25 , derived from the topological insulator Bi 2 Se 3 has been investigated most widely. It is believed that the "glue" for Cooper pairing in this system is facilitated by the strong spin-orbit coupling of Bi 2 Se 3 . Within this idea, an electron's spin is locked to the orbital component and the momentum of the electron. Consequently, a short-ranged and spin-independent bare interaction in Cu intercalated
Bi 2 Se 3 is spontaneously converted to a spin-dependent and momentum dependent effective interaction between the Bloch electrons thereby leading to superconductivity.
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TCIs are fundamentally different from TIs (e.g. Bi 2 Te 3 , Bi 2 Se 3 ) in terms of the protection mechanism of their surface states. TI surface states are protected by time reversal symmetry, while TCI surface states are protected by crystal symmetry 9, 12, 26, 27 . It is also known that the TCI surface states are more tunable than that of TIs by perturbations 8 . Recently, the solid solution composition Pb 0.6 Sn 0.4 Te derived from PbTe (E g ∼ 0.29 eV) and SnTe (E g ∼ 0.18 eV, inverted gap) has created new sensation as a new TCI as confirmed by angleresolved photoemission spectroscopy (ARPES) 26 . Here we show that Pb 0.6 Sn 0.4 Te shows superconductivity in a confined dimension when a mesoscopic point-contact made up of an elemental metal is formed on the surface of Pb 0.6 Sn 0.4 Te. The local superconducting phase shows a high critical temperature T c that is contact-dependent and varies between 3.7 K and 6.5 K. Further theoretical studies will be required to understand the microscopic origin of the new phase.
In the inset of Figure 1 (a) we demonstrate a schematic diagram describing how the mesoscopic point contacts between the sharp tips of elemental metals and Pb 0.6 Sn 0.4 Te were formed in-situ at low temperatures. The current and voltage leads are also shown.
From the picture it is clear that the measurement is done in a pseudo four-probe geometry.
A lock-in based modulation technique was employed to directly measure the differential conductance dI/dV of the point-contacts as a function of an applied DC bias V . The showing superconducting transition at 6 K. Magnetic field dependence of R − T for point-contacts
with (e) an Ag tip and (f) a Pd tip.
resistance R P C of a mesoscopic point-contact between two materials is given by Wexler's 3 formula 28 :
, where h is Planck's constant, e is the charge of a single electron, a is the contact diameter, Γ(l/a) is a slowly varying function of the order of unity, ρ is the bulk resistivity of the material and T is the effective temperature at the point-contact.
The first term is known as ballistic or Sharvin's resistance (R S ) and it is independent of the bulk resistivity of the materials forming the point-contact and independent of temperature.
The second term is called the Maxwell's resistance (R M ) which depends directly on the resistivity of the materials. The above equation suggests when the contact diameter is small compared to electronic mean free path (ballistic regime) R S dominates and when the contact diameter is large (thermal regime), R M contributes most to the total contact resistance. Therefore resistive transitions lead to non-linearities in the I − V characteristics corresponding to R M of point-contacts. Clearly, from Wexler's formula given above, such non-linearities associated with change in ρ are pronounced when a (contact diameter) is large and the point-contacts are in the so-called thermal regime of mesoscopic transport.
One example of a sharp resistive transition is the superconducting transition. This resistive transition can take place when the current flowing through a superconductor exceeds the critical current (I c ). If we consider the I − V characteristic of a superconductor, we observe that below I c the voltage remains zero and above I c the superconductor slowly becomes resistive thereby making the voltage drop across it finite 29 . When such a I − V curve is differentiated, two sharp dips are expected to appear in the dI/dV vs. V spectra 30 . Therefore, two sharp dips symmetric about V = 0 in dI/dV spectra from non-ballistic point-contacts (a large) might indicate the existence of superconductivity at the point-contacts. In addition, since below I c the heating effect on a thermal regime point-contact is minimized (due to the superconducting transition of one of the electrodes), a sharp increase in zero-bias conductance is also expected 30 .
As a test case, in Figure 1 It should be noted here that the over-all resistance of a bulk superconductor can be measured to be zero in a four-probe geometry. However, for a superconducting point-contact 31 , the contact resistance does not approach zero. This is due to (a) the existence of a nonsuperconducting component of the point-contact (in this case, a normal metal), (b) existence of a small temperature independent ballistic resistance even when the contacts are far from the ballistic regime and (c) the intrinsic mismatch of the Fermi-velocities in the two electrodes forming the metallic point-contact. Consequently, the existence of superconductivity in a confined geometry under a metallic point-contact cannot be characterized by a di-5 rectly measurable zero-resistance. This is further clear from the R − T data obtained from point-contacts on superconducting Pb (inset of Figure 1(a) ).
(ii) The dI/dV spectra show systematic temperature dependence and the spectral features smear out at T c : In Figure 2 (a) we show the temperature dependence of one of the representative dI/dV spectrum obtained on Pd/Pb 0.6 Sn 0.4 Te point-contacts. From the visual inspection alone it is clear that the spectrum smoothly evolves with increasing magnetic field and the spectral features disappear around 6 K, which is the critical temperature as obtained from the transport data at zero magnetic field. 
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The position of the conductance dips observed in dI/dV gives the estimate of the critical current. This is nothing but the ratio of the magnitude of the DC voltage (V ) for which the conductance dips appear and the value of the normal state resistance. The critical current thus measured is plotted as a function of temperature in the inset of Figure 2 (a). As expected for superconducting point-contacts, the critical current decreases with increasing temperature. Using Wexler's formula and the measured normal state resistance it is also possible to estimate the diameter of the point-contact which is found to be 50 nm in this case. Using this length scale the critical current density is estimated to be of the order of 10 6 A/cm 2 which is reasonable for superconducting point-contacts. Since the superconducting phase has been derived from a topologically non-trivial system the possibility of a p-wave symmetry of the superconducting order parameter must be addressed too. 19 Since for a p-wave symmetry, the time-reversal symmetry is naturally broken, the proximity of a spin-polarized Fermi surface should favour superconductivity. This is in contrast to the conventional BCS-type of superconductors where the proximity of a ferromagnet competes with and suppresses the superconducting order. We report our experimental results on Pb 0.6 Sn 0.4 Te with two metallic ferromagnetic tips Co and Ni in Figure 
3(c) and Figure 3(d) respectively.
As it is seen, with the ferromagnetic tips, the dI/dV spectrum shows a sharp dip at zero-bias indicating the presence of a gap structure in the density of states. However, no signature of Andreev reflection or critical current dominated effects could be found. At this point the change in the over all shape of the spectra in the proximity of a spin-polarized metal is not understood and this calls for detailed theoretical investigation of spin-polarized transport at mesoscopic interfaces on a topological crystalline insulator. On the other hand the over all shape of the point-contact spectra presented here and their magnetic field dependence show remarkable similarities with the spectra earlier obtained on Cu-intercalated Bi 2 Se 3 . 4 In that case the sharp zero-bias conductance peak and the unique magnetic field dependence of the same was attributed to the existence of Majorana bound states in Cu-intercalated Bi 2 Se 3 .
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In this context it is also important to discuss other possible origins of a ZBCP other 8 than superconductivity. In the past it was shown that in semiconducting quantum dot systems a ZBCP might originate due to Kondo effect. However, in such cases the peak is expected to show logarithmic temperature dependence and a splitting with magnetic field. 32, 33 Another possibility is a modulation of the density of states at zero-bias due to effects other than superconductivity. 11, 34, 35 However, such effects are not expected to show the unique temperature and magnetic field dependence that we observe here. Furthermore, the fact that for certain point contacts we also observe clear signature of Andreev reflection also confirms that the possibilities other than superconductivity can be ruled out for the emergence of the ZBCP in our case.
In principle, the idea of the superconducting order parameter here could be confirmed by measuring the superconducting energy gap through Andreev reflection spectroscopy as a function of temperature with non-ferromagnetic tips. We have attempted to obtain Andreev reflection dominated spectra in the ballistic limit of transport. For such measurements it is required to make the point-contact size smaller than the mean free path. For our Pb 0.6 Sn 0.4 Te samples, the pure ballistic regime could not be achieved possibly due to intrinsic disorder existing in the samples. However, as shown in the supplementary material ( Figure S11 ), we obtained strong signature of Andreev reflection (please note the double peak structure in dI/dV symmetric about V = 0) in the last four spectra in Figure S11 . These spectra also have strong non-ballistic contribution (confirmed by the sharp dips in dI/dV ) and consequently could not be used for energy resolved spectroscopy.
Since the topological materials in general have low carrier density the observation of a high critical temperature of 6.5 K is intriguing. As per existing theories the expected transition temperature in such systems is very low and mostly in the milikelvin regime.
Furthermore, the existence of a superconducting phase only in a confined geometry with such a high critical temperature on the surface of a topological crystalline insulator is even more intriguing. In this context it may be noted that earlier a superconducting phase was
shown to exist at the mesoscopic point-contacts formed on the three dimensional Dirac semi-metal Cd 3 As 2 36 .
Stoichiometrically pure Pb 0.6 Sn 0.4 Te samples were used for all the measurements presented here. Since Pb and Sn are also known to superconduct, detailed elemental analysis have been performed to rule out the possibility of obtaining a superconducting signal from local clustering of Pb or Sn. 37 Moreover, the transition temperature and the critical fields 9 that we measure are significantly different from that expected for Pb or Sn. It should also be noted that the samples used for the presented measurement were polycrystalline in nature. However, as shown in the supplementary material ( Figure S5 ), the grain size of the polycrystals are large (∼ 100µ). Therefore, majority of the times the point-contact was established on a single crystallite. Since we have obtained the signature of superconductivity at all points on the polycrystalline samples with large crystallites (Please see Figure S11 in the supplementary material), it is reasonable to conclude that all the crystal facets of [2] Kirzhner T., Lahoud E., Chaska K. B., Salman Z. and Kanigel A., Phys. Rev. B., 86 2012 064517.
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The same cryostat is also equipped with a three axis vector magnet where the vertical field (perpendicular to the sample holder disc) is generated by a superconducting solenoid. All the in-field measurements presented in this paper were perfomred by charging the solenoid up to a field of 6 T.
Electrodes of 50 µm gold wire were mounted on Pb 0.6 Sn 0.4 Te with silver epoxy (2 component, epotek) and mounted on a disc-shaped sample holder made up of copper. A cernox thermometer and a 50 Ω cartridge heater were directly mounted on the same copper piece for controlling the sample temperature precisely. A Lakeshore temperature controller (Model no. 350) was used to stabilize the temperature with predetermined P, I, D parameters.
The point-contacts between the normal metals and the sample were formed by approaching a sharp metallic tip using a coarse approach mechanism based on a 100 threads per inch (t.p.i.) differential screw purchased from Thorlab.
The dI/dV measurements were done using a SRS 830 lock-in amplifier. The output of the lock-in amplifier was converted to an ac excitation current (i ac cosωt) that was electronically coupled to a DC current (I dc ) generated from a Keithely (model no. 6221) current sourse. The total current I = I dc + i ac cosωt was sent through the point-contact.
The voltage drop across the point-contact was measured in a pseudo four-probe geometry using a digital multimeter (Keithley: 2000) for the dc component (V ) and the same lock-in amplifier as mentioned above (locked at a the frequency ω) for the ac component (v ac ).
The magnitude of v ac was kept in the range between 10µV and 50µV . In this limit v ac can be approximated to be proportional to differential change in voltage dV for a given V .
The differential change in current dI is measured directly for plotting dI/dV spectra. This technique is traditionally known as lock-in modulation technique for direct measurement of differential conductance.
(V) Four probe resistivity : (VIII) Statistical evaluation of T c : Table S1 : T c of different point-contacts with Pd (left)and Ag (right) tips 
